In this paper, we investigate the impact of the Farmer Field School (FFS) intervention among small-scale tomato farmers in Beijing. Using data collected by face-to face-interview from 358 households on 426 planting plots in 2009, we evaluate the yield effect and find evidence of positive impact. We then examine the determining factors of farmers' FFS attendance using the zero-inflated Poisson model. We find evidence of the positive impact of the FFS program on male participants but no impact on female participants. We find that some factors, such as being the household head, wealth level and land size affect both FFS participation decisions and attendance decisions, whereas other factors may affect only one decision but not the other. The results suggest that FFS is a useful way to increase production of farmers in Beijing and that the approach is especially effective for male and wealthy producers with smaller farm sizes and higher literacy.
Introduction
Farmer field school (FFS) was first promoted by the Food and Agriculture Organization (FAO) in Indonesia in a small scale rice-based system in [1989] [1990] and then quickly expanded to other Asian and African countries [1] [2] [3] [4] [5] . As a new agricultural extension approach, FFS was initially used to diffuse the knowledge-intensive integrated pest management (IPM) concepts to solve the problem of insecticide overuse in irrigated rice systems in Asia [6, 7] . Unlike the traditional top-down extension approaches, the FFS were developed as a "bottom-up" approach and focused on both the training and the farmer-to-farmer diffusion [8, 9] . All FFS participants are encouraged to discuss and share their experiences with other farmers in the training class, as well as with people within their local villages and community organizations [10] . Because farmers often rely on their neighbors for information and advice, the farmer-to-farmer approach makes it easier for farmers to accept and adopt the new knowledge and technologies [11] . Farmers act not only as instructors but also as facilitators which can help farmers "to develop their analytical skills, critical thinking, and creativity, and help them learn to make better decisions" [12, 13] .
Studies have found evidence of FFS effectiveness in production, pesticide use, and knowledge diffusion [14] [15] [16] . As a result, the FAO and a number of international development agencies, such as the World Bank, have subsidized the FFS program in developing countries since the 1990s [6, 17] . The World Bank has been promoting the FFS as the "most effective approach" in knowledge and technology diffusion [9] .
Many studies have assessed the impact of FFS by dividing people into FFS and non-FFS groups [14] [15] [16] . However, no study examined the impact of the intensity of farmers' FFS attendance.
If farmers benefit from attending the FFS and sharing discussions with other attendees, then the more frequently they attend, the stronger the impact would be. In most of the existing FFS literature, there are usually a fixed number of training sessions and the attendance of farmers is compulsory [6, 7, 11, 14] . In this study, we examined the impact of a multiple-year FFS program introduced in Beijing in 2005. Training sessions are provided approximately 14 times a year. Participating farmers can choose to attend or not attend any given session. This provides us with a viable venue to investigate the impact of the intensity of FFS attendance.
We are also interested in whether a gender effect exists for FFS attendance behavior since study has found that the FFS was more beneficial to female farmers than to male farmers in raising their crop productivities [18] . In this paper, first, we will use the attendance of male and female farmers to measure the impact of FFS on tomato production. Then, we will attempt to find the determinants of farmers' attending FFS to gain insights into how to encourage greater attendance. As mentioned above, several studies have estimated the impact of FFS on yield, but most of them have used a "with-program and without-program" framework for comparison [19] . None have considered using the FFS session attendance as a measure to estimate the training effects. In this study, we will assess the impact of FFS training on productivity using the attendance as a measure of the training intensity. To distinguish the effect of FFS training by gender, we will use the attendance of male and female farmers separately.
The paper is organized as follows. Section 2 describes the FFS program in Beijing. Section 3 presents the methodology and materials. Section 4 presents the data and summary statistics. In Section 5 we outline the empirical models and then discuss the results: the impact of FFS on the production in Section 6 and the determinants of farmers' FFS attendance in Section 7. Section 8 provides conclusions and implications.
The Farmer Field Schools Program in Beijing
The FAO-supported FFS programs were launched nationwide in China in the 1990s, but were largely discontinued in 2007 due to FAO's cutoff of funding support [20, 21] . In 2005, the local government of Beijing initiated a long term FFS program via the agricultural extension system to introduce the IPM concept to farmers.
The FFS program in Beijing is the first that is fully funded by the local government. The implementation of the FFS program was written into the local government document. It has been interpreted as a paradigm shift from an externally supported project into an internally sustainable development mechanism. By 2010, 758 FFSs were set up in Beijing, one in each participating village. They include 20% of all the agricultural villages in the Beijing area. Approximately 40,000 farmers participate in the FFSs' activities.
Methodology and Materials
The farmers recruited in the FFS group (so-called FFS members) are not forced to take the sessions. A few of them never showed and some of them took only some sessions, but not all. Meanwhile, some of the non-FFS member farmers also attended the training sessions because the FFS classes were open to all farmers. In this case, the traditional approach of dividing farmers into FFS members and non-FFS members would lead to biased estimates of the effect of FFSs because some non-FFS member farmers also received the training.
To address this issue, we define the FFS and non-FFS farmers using their attendance at sessions instead of the nominal FFS membership. If a farmer never showed up to any session, she will be viewed as a non-FFS farmer. Otherwise, she will be a FFS farmer. Accordingly, we use the number of sessions attended instead of a dummy of FFS membership in the analysis.
In this study, we examine the tomato FFS because it accounts for 28.1% of all the FFSs in Beijing. We collected the data via face-to-face interviews by questionnaires with structured questions. The interview was conducted with the person mainly responsible for agricultural decisions in each household and the enumerators were well trained before the interview. We interviewed the tomato farmers in 16 villages from four randomly chosen counties in Beijing in 2009. These four counties account for approximately 90% of the large-scale tomato production in Beijing. Within each county two treatment villages with the FFS were established, and two control villages were randomly selected because there are only a few of non-FFS farmers in the FFS village. Within each FFS village, we interviewed at most 20 FFS member farmers and 20 non-FFS member farmers, all randomly chosen whenever the population was more than 20 in each group. Indeed the number of non-FFS farmers in the FFS village is usually less than 10; thus, we interviewed virtually all of them. In the control non-FFS villages, we also interviewed at most 20 randomly selected tomato farmers whenever the population was more than 20.
In each household, we collected the production information for up to two randomly chosen planted tomato varieties. In total, we obtained information on 435 planting plots from 365 households in the 16 villages. Of the 365 households, seven were headed by a single male or female. In this study, we include only the non-single head households as we would like to use the spouse's information as part of the explanatory variables. Therefore, we dropped these seven households from our analysis, leaving 426 plots from 358 households. Of all these plots, 274 plots were from 229 households in the FFS villages, and the remainders were from the non-FFS villages.
The Data and Summary Statistics
Because both participation and training attendance are voluntary, people may self-select in making these decisions, leading to self-selection problems. For example, more motivated farmers may attend more. If so, this could result in a positive selection effect. If farmers attended more because they were unskilled with technologies and thus had a higher demand for technology training, this could result in a negative selection effect.
To find evidence of possible self-selection behavior, we conduct a t-test between the FFS farmers and non-FFS farmers for their household characteristics. The results are shown in Table 1 . There is no significant difference between the two groups in terms of family size, the gender of the household head, the educational achievement of the household head, the household head's fraction of farming time (defined as Annual farming time/Total annual work time), the off-farm labor ratio (defined as Number of off-farm labor/Total number of household labor), and the value of assets per capita. However, farmers who attended the FFS training were approximately two years younger than those who did not: 47.7 vs. 50. One possible reason is that younger farmers may have less farming experience and thus have more demand for technologies. If so, this may suggest a negative selection effect. The definition and summary statistics for the variables used in this study are presented in Table 2 . The average tomato yield was 70,159 kilos/ha, and the average attendance of each household was 4.15. The average attendances of male and female farmers were 2.45 and 1.70, respectively. Approximately 55% of the tomatoes were planted in the fall. Cherry tomatoes account for only 4% of all the tomatoes planted. On average, each household had 3.73 members, with assets per capita at RMB 108.6 thousand (equivalent to US$17,000). Seventy-seven percent of the household heads were male. The average age of the household head was 48.9, with 8.66 years of education completed, which is equivalent to the completion of junior high school. The household heads spent 95% of their working time on farming activities. Only 5% of the household heads held a village cadre position. For the input variables, the average labor days were 1514 days/ha, and the machinery expenditure was 656 yuan/ha. On average, farmers applied 463 kilos/ha of nitrogen fertilizer, 309 kilos/ha of phosphorus fertilizer and 376 kilos/ha of kalium fertilizer to their tomato fields. The quantity of pesticides used was 38.46 kilos/ha and they irrigated the fields approximately 8.8 times during the planting season. Source: authors' own survey.
Specification of the Empirical Model
The economic impact of FFS is estimated using the following specification:
where Y is the tomato yield of each plot; FFSA male is the attendance of the male household member (all were the husband); FFSA f emale is the attendance of the female household member (all were the wife); Fall is a dummy variable representing whether the tomato is planted in the fall or in the spring (=1 if in the fall; zero if in the spring); Cherry is also a binary variable representing whether or not cherry tomatoes were planted (=1 if yes; zero otherwise); County will capture the county specific fixed effect; Z is a vector of observable household characteristics; and O includes other input variables. For Z, we have family size, off-farm labor ratio, assets per capita, and major demographics of the household head, including gender, age, educational achievement, village cadre or not, and fraction of farming time. Other input variables are the number of labor days, the machinery expenditure, the amounts of fertilizer and pesticides applied, and the amount of irrigation conducted. The choices of control covariates are consistent with those in the existing empirical studies of FFS impact [9, 14] . It follows that Equation (1) can be written as a regression model for the i-th household:
where α, γ, and τ are parameters to be estimated, and ε is the random error. We use the ordinary least square (OLS) approach to estimate Equation (2) . In order to detect the possible selection effect, we will also use the attendance of each household instead of the attendance of male and female farmers, and then use an instrument variable to correct the possible selection bias. This regression model for the i-th household is specified as follow:
where FFSA i,household is the attendance for the i-th household. Other variables are the same as mentioned above. We will use the share of trained farmers in a neighboring village as an instrument variable (IV). Since the share of trained farmers in a neighboring village is independent from the characteristics of farmers in this village, it satisfies the first condition of instrument variable that the IV should be an exogenous variable. It is apparent the participation behavior of spatially adjacent zones correlate with each other, as they share similar environmental and market characteristics [22] . Hence the share of trained farmers in a neighboring village will have positive impact on farmer's attendance in FFS which satisfies the second condition of instrument variable that the IV should correlates with the endogenous variable. Thus the share of trained farmers in a neighboring village may serve as a good instrument for the FFS attendance of each household.
The Zero-Inflated Poisson Model
The second model is to estimate the determinants of farmers' attendance of the FFS. The dependent variable of the model is the number of sessions attended, which is a count variable. The ordinary least square method is no longer an appropriate method. A commonly used method for the analysis of count data is the Poisson model [23] [24] [25] . Following Wooldridge [26] , the probability that the attendance of farmers (A) equals a, conditional on x, is Pr pA " a|xq " e´e xppxβq rexppxβqs a a! , a " 0, 1, 2, ...
where x is a vector of potential determinants of farmers' attendance decisions, and β is a parameter to be estimated. One limitation of using the Poisson model is that the variance of the data is restricted to be equal to the mean [27] [28] [29] : Epa i |x i q " Varpa i |x i q " u i . In many empirical applications of the model, the variance of the count data was found to be larger than the mean [27] [28] [29] [30] [31] . Ignoring the extra variations would lead to the underestimation of the variance of the estimated parameters [30] . To address this limitation, Wedderburn [31] suggests coding the variance of a i as ϕu i instead, where ϕ ě 1 is an over-dispersion parameter. This model is called the negative binomial model. It can be used to address the over-dispersion problem in count data.
Another limitation of the Poisson model is its failure to fit the data with a large frequency of "extra" zeros in the distribution. In our study, we record the attendance of male and female farmers separately. The zero attendance by one spouse may be because he/she may live away from the family and thus cannot go to the training session. We use the zero-inflated Poisson (ZIP) model to address this issue. In the ZIP model, the observations with zeros arise in two ways, corresponding to distinct underlying states [32] . The first state occurs with probability p and produces only zeros, whereas the other state occurs with probability 1´p and leads to a standard Poisson distribution with mean λ i .
In general, the zeros from the first state are called structural zeros, and those from the second state are called sampling zeros [24, 33] . The probability mass function for the ZIP models is as follows:
where 0 ď p ď 1. The mean and variance of the ZIP random variable are:
When p " 0, the ZIP regression model is reduced to the Poisson regression model. When p ą 0, it follows that variance of Y i exceeds its mean. Thus, the ZIP model allows over-dispersion in the data due to excess zeros. In our data, the proportions of zeros for the male and female farmers are, respectively, 43.2% and 63.8%.
For applying the ZIP model in practical modeling, Lambert suggested the following joint models for p and λ [34] :
Logit ppq " logˆp 1´p˙" Gδ and log pλq " Xβ (6) where G and X are covariate matrices, and δ, β are vectors of unknown parameters. In this paper, our ZIP model is specified as follows:
where X 1 is a dummy variable of whether the husband/wife is the household head. X 2 is a vector of a "husband's characteristics" including his age, his square of age, his education, and his fraction of farming time. X 3 is a vector of a "wife's characteristics" including her age, her square of age, her education, and her fraction of farming time. X 4 is a vector of "household characters" including family size, number of kids and per capita fixed assets. X 5 is a dummy variable of whether the land scale is small. ξ and µ are the error terms. The definitions of these variables are listed in Table 3 . The independent variables are the attendance of the husband or wife. Table 4 presents the estimation results of Equation (2) . Column (1) presents the logarithm regression of tomato yield for the complete set of regressors, and column (3) present the results without the variety and input variables. Columns (2) and (4) present the corresponding t values. All regressions are conducted with robust standard errors clustered at village level to accommodate the potential heterogeneity issue. Results in column (1) in Table 4 suggest that the attendance of FFS sessions is positively associated with tomato yield for male farmers. On average, attending one more session is associated with a 1.53% yield increase. On average, male FFS farmers attended 4.7 training sessions. It may suggest a corresponding yield increase of 7.19%. The coefficient of the attendance by female FFS farmers in the household is statistically insignificant. This result differs from that of Davis [18] , who found that the FFSs were more beneficial to women than to men. Note that the average attendance of women in the FFS in our sample is lower than that of men as follows: 3.0 versus 4.7, on average. Given that there are a total of 14 sessions offered, neither group showed a high attendance rate. The low attendance rate may suggest that farmers are not always ready for these types of trainings. Our results on the positively significant coefficient of the FFS attendance could lead to policy recommendations for encouraging FFS attendance by farmers.
Results: The Impact of FFS on Farmers' Tomato Yield
The production of tomatoes in fall is 17.9% lower than in spring. The yield of cherry tomatoes is 18.4% lower than of other varieties. Most of the household characteristics are not statistically significant, except for the per capita fixed assets. Households with higher per capita assets tend to observe higher tomato yields. For the input variables, labor has a positive effect on tomato production, and more irrigation may result in higher tomato yields.
Column (3) presents the results of the impact of FFS on tomato yield without variety and input variables. The result in column (3) is similar to those in column (1): the attendance of FFS sessions is positively associated with tomato yield for male farmers, and the coefficient of the attendance by female FFS farmers is statistically insignificant. Since the coefficient of male farmers' attendance is almost the same with that in column (1), we can hardly say that there would be any variety and input choice effect in the FFS training.
The effect of attendance in FFS in Table 4 may be downward biased because of self-selection problem. It is difficult for us to find two valid instrument variables to correct the self-selection problem in Equation (2). Instead we use the attendance of each household as an independent variable and the share of trained farmers in a neighboring village as the instrument variable to address the selection bias. Table 5 presents the estimation results of Equation (3). Column (1) and (2) present the logarithm regression of tomato yield with the OLS approach, and column (3) and column (4) present the corresponding results with a two stage least square (2SLS) approach. Note: County dummy variables are included in the regression but are not reported for the sake of simplicity.
Other exogenous variables are not reported in the IV test. Standard errors are robust and clustered at village level in all regressions. ***, **, * indicate statistically significant at 1%, 5% and 10%, respectively. Source: authors' own survey.
In the 2SLS approach, we use the share of trained farmers in a neighboring village as an instrument of the attendance of each household. As mentioned above, the share of trained farmers in a neighboring village could be a valid instrument for the attendance of each household. The Cragg-Donald Wald F statistic of IV test is more than 151, providing support for the choice of this instrument variable.
The results in column (1)-(4) in Table 5 also suggest that the attendance of FFS sessions may have positive yield impact on tomato production. The coefficient of the attendance by household using the 2SLS approach is nearly doubled compared with those using the OLS approach, which suggests a negative selection effect. This result is consistent with the t-test result we conducted earlier that farmers who participated in FFS are less skilled with technologies. The results in column (3) and (4) suggest that, on average, attending one more session is associated with a 2.1% yield increase. On average, each household attended 7.7 training sessions. It may suggest a corresponding yield increase of 16.17%. The coefficient of attendance by household in column (2) and column (4) is similar to those in column (1) and column (3), which also suggests there is little evidence that the FFS training have impact on farmers' variety and input choice.
Determinants of Farmers' Attendance in Farmer Field School
The results from Section 5 suggest that FFS attendance may lead to higher yields. In this section, we will try to understand farmers' FFS attendance decisions better. We first describe the attendance of three types of farmers. Then, we will use the ZIP model to find the determinants of farmers' decisions regarding FFS attendance.
The Attendance Rates of Different Groups of Farmers
We separate the FFS farmers into three groups: (1) those with nominal FFS membership; (2) those without the nominal membership but living in a village with FFS offered; and (3) those living in a village without a FFS. Note that no villagers will have a nominal membership if there is no FFS offered in that village. Figure 1 presents the FFS attendance rate by these three groups of farmers. For farmers who actually participated in the FFS training, on average, each household attends 7.7 sessions, of which the male member attends 4.68 sessions, and the female member attends the remainder. The attendance rate is approximately 55% (7.7/14) . For all three groups, the attendance rates for male farmers are higher than those of the female farmers. The attendance rate of group (1) farmers is much higher than that of the other two groups: 56.4% (7.89/14) versus 17.4% (2.43/14) versus 0.6% (0.09/14). Although the attendance rate for group (3) farmers is very low, it may reflect the diffusion effect of FFS. Farmers in this group must be attracted to the training via word of mouth of their friends in the FFS villages. 
The Determinants of Farmers' Attendance in Farmer Field School
We pooled groups (1) and (2) in estimating Equation (7) . Group (3) is excluded because there is no FFS in those villages and farmers may face different problems than those face by groups (1) and (2) . The results from the zero-inflated Poisson model are presented in Table 6 . To capture the gender effects, we run the regression for males and females separately. The zero-inflated Poisson model is a combination of the logit model and the standard Poisson model. There are two sets of results: the first set shows the chances that a given independent variable affected the "structural" zeros; and the second set shows the results for the "sampling" counts [33] . Column (1) and column (2) in Table 6 show the first and second sets of results for male farmers, and column (3) and column (4) show the corresponding results for female farmers.
Both columns (1) and (3) in Table 6 suggest that being a household head has a positive effect on the decision to attend FFS. This is likely because the household head usually makes decisions regarding agricultural activities. The fraction of farming time of male farmers has a significant impact on whether or not the male farmer will attend the FFS training sessions. If the male farmer devotes more of his time to farming, he will be more likely to attend the FFS. The results in column (1) suggest that husbands with older wives are more likely to attend the FFS, but the probability increases at a decreasing rate and reverses when the wife's age is more than 44 (0.927/(2ˆ0.0106)) years old. One possible reason for this is that husbands with younger wives may assume more child bearing and care responsibilities. Thus, they are unable to go to the FFS. The results also show that more children in the family will have a negative impact on the male farmers' participation in FFS. This is reasonable because more children will require more child care. The male farmers with land acreages below the sample average (at 0.33 hectare) are less likely to participate in FFS. However, once they decide to go, they will have more attendance compared with those with above average land size. Given that male farmer attendance has a positive impact on production, the results indicate that the FFS training is more beneficial for small land farmers. Results in column (2) show that male farmers with higher educational achievement and greater wealth but less land and less time devoted to farming attend more FFS sessions. Older male farmers attend more sessions, but at a decreasing rate. The peak is reached at age 51. Although male farmers with younger wives have a lower probability of attending, they show a tendency to attend more sessions once they decide to attend. Again, this trend will reverse when the wife's reaches her mid-50s. The husband will attend more FFS sessions when his wife is less educated.
Column (3) presents the results of the female farmers' probability of having zero attendance. In addition to the "household head" status effect as mentioned above, the larger and the wealthier the household, the less likely the woman will be to participate in the FFS. The results reported in column (4) suggest that the attendance of the female farmers will increase as their husbands get older. When the husband allocates more of his time to farming, the wife will attend fewer FFS sessions.
Conclusions and Policy Implications
Using data on FFS programs targeting tomato farmers in Beijing, this article finds that FFS participation significantly improves the production of tomato farmers. In contrast to Davis [18] , our results suggest that the effect of FFS training is better for men than for women. Our results show that the attendance of male farmers in FFS has a significant impact on tomato yields, whereas the estimated coefficient of the FFS attendance is statistically insignificant for female farmers. This may be due to a lack of potential accumulation effects as female farmers attend fewer sessions and may not accumulate sufficient knowledge to have a positive impact on production.
Given the evidence we found on the potential positive impact of the FFS attendance, we examine the determinants of participation in FFS. The estimates show that farmers with less land are less likely to participate in the FFS; however, once they decide to participate, they will have greater attendance compared with farmers with larger amounts of land. This result indicates that the FFS training is more beneficial for small-scale farmers and hence may lead to recommendations for a conscious effort on the part of FFS to include farmers with smaller farms in the training process. Education and wealth are also significant determinants of male farmers' attendance in FFS. Well educated male farmers from wealthier households are likely to have greater attendance. The fraction of farming time of male farmers has a positive impact on participation in FFS but has a negative impact on attendance. Age and educational achievement of male farmers seem to have substitute effects in determining their FFS attendance.
In light of the empirical results from this study, the FFS program should be expanded to more areas to benefit more farmers. Because the attendance of farmers has positive impact on their yield, actions should be taken (such as giving a small gift) to make the training more attractive and to encourage and ensure the participation of farmers. Since female farmers attend fewer sessions, actions also should be taken (such as help them with the baby sitting) to ensure their attendance. Compared with the small-scale farmers, the large-scale farmers are more likely to participate but attend fewer sessions, therefore actions should be also taken (such as make the attendance of large-scale farmers compulsory) to ensure their attendance. The FFS program should target small-size, well-educated and wealthier male farmers because the FFS program appeared to be more beneficial for them. Overall, the results discussed above imply that farmer field schools are a useful way to increase the production of farmers in Beijing.
